###### Strengths and limitations of this study

-   This is the largest Australian study to use urinary biomarkers to objectively measure sodium and potassium intakes among schoolchildren.

-   For the first time, the contribution of sodium and potassium from core and discretionary foods among Australian schoolchildren is described, and this information can be used to inform public health policy.

-   The convenience sample and low response rate limit the generalisability of findings to the wider paediatric Australian population.

Introduction {#s1}
============

In adults, a diet low in sodium and high in potassium can reduce blood pressure[@R1] and the risk of cardiovascular disease.[@R3] A similar relationship between sodium, potassium and blood pressure exists among children. Meta-analyses have shown that reductions in dietary sodium lead to modest reductions in childhood blood pressure,[@R2] and longitudinal studies have found that a higher intake of potassium during childhood was associated with lower systolic blood pressure in adolescence.[@R6] A lower ratio of sodium to potassium during childhood also appears to protect against rises in blood pressure.[@R6] Blood pressure tracks over the life course,[@R9] with raised levels in childhood increasing the risk of high blood pressure later in life[@R10] as well as contributing to early vascular damage.[@R11] As a means to maintain healthy blood pressure levels over the life course, there is strong support for initiatives that seek to reduce sodium intake among children.[@R13] Other concerns of excess dietary sodium during childhood include the development of taste preferences that favour salty foods.[@R14]

As part of the global targets for the prevention and control of non-communicable diseases,[@R15] Australia has committed to a 30% reduction in population salt intake. While there have been some efforts to reduce salt intake, to date there has been no nationally orchestrated salt reduction policy with the inclusion of robust monitoring measures.[@R15] Recently, work has progressed at the State level, with the 2015 launch of the 'State of Salt: The Case for Salt Reduction in Victoria'.[@R15] This initiative seeks to reduce salt intake among Victorian adults and children by supporting stronger action on salt by consumers, the food industry and government.[@R16] To monitor progress, it is important to assess salt intake in different population groups.

Twenty-four-hour urinary sodium excretion is considered the most accurate method to measure salt intake.[@R17] Few Australian studies have used this methodology.[@R18] National estimates for sodium and potassium are based on 24-hour dietary recall methods.[@R20] Globally, there has been an increase in the number of studies utilising 24-hour urinary sodium and potassium excretion for the assessment of salt and potassium intake in children.[@R21] In order to evaluate public health efforts that seek to reduce salt intake among Australian children, it is important that an accurate measure of total salt intake (ie, including both food and discretionary sources) is available. Importantly, this should be combined with information on food sources of sodium, including the contribution of sodium from core and discretionary foods. This information can help to inform and evaluate strategies that seek to improve dietary intakes. For example, in the case of lowering sodium intake, should efforts be focused on product reformulation of lower sodium foods or are strategies to reduce the consumption of discretionary foods required? The primary aim of this study was to determine sodium (ie, salt) intake using 24-hour urinary excretion in a sample of Victorian schoolchildren aged 4--12 years. As the ratio of sodium to potassium is related to health outcomes, we also determined potassium intake and the sodium to potassium ratio. Secondary aims included (1) examination of differences in electrolyte excretion and 'discretionary' salt use habits by demographic characteristics (age, sex, socioeconomic status), and (2) identification of the dietary sources of sodium and potassium, including the contribution from 'core' and 'discretionary' foods as defined by the Australian Dietary Guidelines.

Methods {#s2}
=======

Data were collected from June 2010 to May 2013 as part of the cross-sectional Salt and Other Nutrient Intakes in Children study. The study methodology[@R26] and preliminary findings[@R18] have been described. Ethics approval was obtained by the Deakin University Human Research Ethics Committee (project number EC62-2009) and the Victorian Department of Education and Early Childhood Development (2011_001151). Of the 509 government and non-government schools invited to participate, 56 schools (11%) agreed. Within participating schools, consent was obtained from 852 children (response rate=6%); 41 children withdrew from the study and children who did not agree to attend an off school campus data collection day (n=25) or who were aged \>13 years (n=6) were excluded, leaving 780 participants.[@R26] Written parental/guardian consent and child assent were obtained for all participants.

Measures {#s2a}
--------

### Demographic characteristics and 'discretionary' salt use {#s2a1}

The primary carer completed a questionnaire assessing child age, sex, parental level of education and 'discretionary' salt use. Discretionary salt use included salt added at the table or during cooking and was assessed via four questions.[@R26] Parents were asked the following: "Do you add salt during cooking?", "Do you place a salt shaker on your table at meal times?" and "Does your child add salt to their meal at the table or during sandwich preparation?". Children were asked "Do you add salt to your meal at the table?". For all questions, responses included 'yes, usually', 'yes, sometimes', 'no' or 'don't know'. Responses for 'don't know' have been excluded from analyses.' The highest level of education obtained by the parent was used to define socioeconomic status (SES) of participants: (1) low SES includes those with some or no level of high school education, (2) mid SES includes those with a technical/trade certificate and (3) high SES includes those with a university/tertiary qualification. Information on parental educational attainment was collected retrospectively in n=254 children.[@R26] Within this group of 254 children, data could only be obtained in 160 (63%) children.

### Twenty-four-hour urine collection {#s2a2}

Children could opt to commence the 24-hour urine collection on either a school day or non-school day (ie, weekends, public holidays and school holidays); detailed procedures are described elsewhere.[@R26] Urine samples were analysed at an accredited commercial pathology laboratory (Dorevitch Pathology, Melbourne, Australia). If the duration of the collection was not exactly 24 hours, but within 20--28 hours, urinary electrolytes, creatinine and total volume were standardised to a 24-hour period (ie, (24 hours/urine duration (hours))×urinary measure). Urine samples were considered incomplete if collection time was \<20 hours or \>28 hours (n=5), total volume was \<300 mL (n=37), the participant reported missing \>1 collection (n=14) or urinary creatinine excretion was less than 0.1 mmol/kg body weight/day (n=69),[@R26] and one extreme outlier \>8 SD from the mean for sodium was excluded leaving a final sample of 666.

### Twenty-four-hour dietary recall {#s2a3}

One face-to-face three-pass 24-hour dietary recall was completed in a subsample of children aged ≥8 years (n=498).[@R26] Implausible intakes of energy were assessed by comparing each participant's ratio of reported energy intake to estimated basal metabolic rate (EI:estBMR), to the paediatric adjusted Goldberg cut-off value.[@R27] Age-specific and sex-specific Goldberg cut-off values were determined using child-specific light physical activity levels[@R28] and revised estimates[@R29] for the coefficient of variation (CV) in energy intake (CV~wEI ~23%), repeated BMR measurements (CV~wB ~8.5%) and variation in PAL (CV~tp ~15%). On this basis, participants (n=32, 5.8%) with an EI:estBMR ratio less than 0.87 for boys aged 8--12 years and 0.84 for girls aged 8--12 years were classified as a low energy reporter and excluded. Children with energy \>4 SDs (n=3) more than the mean (ie, \>18 867) were excluded, leaving a final sample of 517. Logistically, it was not possible to concurrently collect 24-hour dietary recalls alongside the 24-hour urine collection. Of the 517 children with valid 24-hour dietary recall data, n=464 also had a complete 24-hour urine collection. Among these children, 90% (n=417) completed the 24-hour dietary recall and 24-hour urine collection within a week of one another.

Reported food and beverage intake was converted into nutrient intakes using the Australian food composition database AUSNUT 2011--2013[@R30] and nutrient analysis program FoodWorks V.8 (Xyris). This is the most recent Australian food composition database that was made available via the FoodWorks analytical program in September 2015 and is an update from our previous report.[@R31] Intakes of energy (MJ/day), sodium (mg/day), sodium density (mg/MJ) and potassium (mg/day) are reported. The contribution of sodium and potassium from food groups was determined using the AUSNUT 2011--2013 Food Classification System, which groups individual food items into major, submajor and minor food groups. Individual foods consumed were coded as either a core or discretionary food, according to the Australian Guide to Healthy Eating classification system.[@R32] Core foods include those found within the five food groups, for example, (1) grain (cereal) foods; (2) vegetables and legumes/beans; (3) fruit; (4) milk, yoghurt, cheese and/or alternatives; and (5) lean meats and poultry, fish, eggs, tofu, nuts and seeds and legumes/beans, as well as water and polyunsaturated and monounsaturated spreads and oils.[@R33] Discretionary foods do not fall within the five food groups; many are high in kilojoules, saturated fat, added sugars, added salt or alcohol. These foods are not necessary for a healthy dietary pattern and should only be consumed in occasional small amounts.[@R33]

### Anthropometry {#s2a4}

Height and weight were measured using standard protocols by trained researchers.[@R26]

Body mass index (BMI) values were converted to age-adjusted and sex-adjusted BMI z-scores using the 2000 US Centers for Disease Control and Prevention growth charts.[@R34] Participants were grouped into weight categories using the International Obesity Taskforce BMI reference cut-offs for children.[@R36]

Statistical analysis {#s2b}
--------------------

Descriptive statistics mean±SE and n (%) were used to describe continuous and categorical variables. The molecular weights of sodium (23 g/mol) and sodium chloride (58.5 g/mol) were used to convert millimoles of sodium to milligrams. The proportion of children with a sodium excretion exceeding the age-specific upper level (UL) for sodium intake (ie, 1000 mg/day for children aged 4--8 years and 2000 mg/day for children aged 9--12 years)[@R38] was calculated. Linear regression, with adjustment for school cluster, was used to compare differences in electrolyte excretion by sex, age group and SES. We present unadjusted models (model 1) as well as models adjusted for covariates, that is, model 2 adjusted for age, sex and day of urine collection (ie, school day or non-school day) and model 3 adjusted for model 2+BMI z-score. For the analysis related to socioeconomic background, SES group was entered as an indicator variable into the model with the low SES group acting as the reference group. Furthermore, as this model included multiple comparisons between SES subgroups, the Bonferroni correction for p values was also reported. Logistic regression, with adjustment for school cluster, was used to assess differences in 'discretionary' salt use habits by sociodemographic characteristics (eg, sex, age group and SES). The population proportion method was used to calculate the contribution of sodium and potassium from food groups, as well as 'core' and 'discretionary' foods.[@R39] Food groups that contributed to ≥1% of daily intakes are reported.

Results {#s3}
=======

Of the 666 children with complete urine collections, just over half were boys, the average age was 9.3±0.1 years and about a third were of a high socioeconomic background (online [supplementary table 1](#SP2){ref-type="supplementary-material"}).
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Twenty-four-hour urinary electrolyte excretion {#s3a}
----------------------------------------------

Mean urinary sodium excretion was 103 mmol/day, equivalent to 6.1 g/day of salt ([table 1](#T1){ref-type="table"}). Sodium excretion was significantly greater among boys and among older children, aged 9--12 years ([table 1](#T1){ref-type="table"}). Seventy-eight percent and 67% of children aged 4--8 years and 9--13 years exceeded the age-specific UL for sodium intake. Sodium excretion was significantly greater on non-school days (110.4±2.5 mmol/day, salt equivalent 6.5±0.1 g/day) compared with school days (95.7±3.0 mmol/day, salt 5.6±0.2 g/day) (p\<0.001). Adjusted for age and sex, this difference remained whereby sodium excretion was 16.4±3.3 (95% CI 9.8 to 23.1) mmol/day (1.0 g/day salt) greater on non-school days. With additional adjustment for BMI z-score, this difference remained whereby sodium exertion was 17.3±3.2 (95% CI 10.8 to 23.8) mmol/day greater on non-school days. Further adjustment for SES among children with this data (n=570) did not alter this association. Mean urinary potassium excretion was 47 mmol/day and, like sodium, potassium excretion was significantly greater among boys and older children ([table 1](#T1){ref-type="table"}). The mean molar ratio of sodium to potassium was 2.4, and this did not differ by sex or age group ([table 1](#T1){ref-type="table"}). Potassium excretion was significantly greater on non-school days (49.0±1.5 mmol/day) compared with school days (43.9±1.1 mmol/day) (p=0.009), and this difference remained in adjusted models (data not shown). The difference in molar ratio of Na:K across day types did not reach statistical significance, 2.3±0.1 on school days versus 2.5±0.1 on non-school days (p=0.09), and this finding remained in adjusted models (data not shown).

###### 

Twenty-four-hour urinary electrolyte excretion by age group and sex among participants aged 4--12 years\*

  Urinary marker            4--12 years   4--8 years   9--12 years                                                         
  ------------------------- ------------- ------------ ------------- ---------- ---------- ---------- --------- ---------- ---------
  No of participants        666           365          301           283        159        124        383       206        177
  Sodium (mmol/day)         103±2         109±3‡       97±3          90±2§      94±2‡      85±3       113±3     120±4‡     105±3
  Salt equivalent (g/day)   6.1±0.1       6.4±0.2‡     5.7±0.2       5.3±0.1§   5.5±0.1‡   5.0±0.2    6.6±0.2   7.0±0.2‡   6.1±0.2
  Potassium (mmol/day)      47±1          49±1‡        44±1          41±1§      42±1‡      39±1       51±1      54±2‡      47±2
  Na:K (molar ratio)        2.4±0.05      2.4±0.06     2.3±0.06      2.4±0.6    2.4±0.8    2.3±0.09   2.4±0.6   2.4±0.9    2.4±0.6
  Creatinine (mmol/day)     5.6±0.1       5.8±0.2      5.3±0.2       4.3±0.1    4.5±0.1    4.1±0.1    6.5±0.1   6.8±0.2    6.1±0.2
  Volume output (mL/day)    866±22        889±29       838±26        748±20     748±21     748±35     953±26    997±40     902±34

\*Linear regression with adjustment for school cluster was used to assess differences in the excretion of sodium, salt equivalent, potassium and Na:K molar ratio between subgroups.

†Additional adjustment for age, day of urine collection and BMI z-score did not alter results in any of the age or sex-subgroup analyses (data not shown). This was with the exception of urinary potassium excretion, which was no longer significantly higher in boys (fully adjusted model p=0.06) within the age stratified sub-group analyses of 9--12 years.

‡\<0.05, significant difference between boys and girls.

§\<0.05, significant difference between age groups, that is, 4--8 years versus 9--12 years.

Twenty-four-hour urinary electrolyte excretion by socioeconomic status {#s3b}
----------------------------------------------------------------------

Urinary sodium excretion differed by socioeconomic background, low SES: 110±4 mmol/day (salt 6.4±0.2 g/day), mid SES: 97±4 mmol/day (salt 5.8±0.2 g/day) and high SES: 99±3 mmol/day (salt 5.8±0.2 g/day), p=0.04. Adjusted for age, sex and day of urine collection, those children from a low socioeconomic background excreted significantly more sodium than those of high socioeconomic background (10 mmol/day, salt 0.6 g/day) and those of mid socioeconomic background (12 mmol/day, salt 0.7 g/day) ([table 2](#T2){ref-type="table"}). This difference remained with further adjustment for cooking and table salt use (data not shown). However, the addition of BMI z-score into the model reduced the association and only a significant difference in sodium excretion between the mid and low SES group remained ([table 2](#T2){ref-type="table"}). There were no significant socioeconomic differences in potassium excretion or the molar ratio of Na:K ([table 2](#T2){ref-type="table"}).

###### 

Relationship between 24-hour urinary electrolyte excretion and socioeconomic status (SES) among participants aged 4--12 years (n=570)\*

  Model                 Sodium (mmol/day)      Potassium (mmol/day)   Na:K (molar ratio)                                                                    
  --------------------- ---------------------- ---------------------- -------------------- -------------------- ------- ------ -------------------- ------- -------
  *Model 1*‡                                                                                                                                                
  Low SES (reference)                                                                                                                                       
   Mid SES              −10.4 (−19.0 to 1.8)   0.019                  0.056                0.7 (−3.4 to 4.9)    0.727   1.00   −0.3 (−0.5 to 0.4)   0.093   0.278
   High SES             −10.7 (−20.3 to 1.1)   0.030                  0.091                −1.3 (−5.1 to 2.6)   0.513   1.00   −0.2 (−0.4 to 0.1)   0.177   0.531
  *Model 2*§                                                                                                                                                
  Low SES (reference)                                                                                                                                       
   Mid SES              −11.7 (−20.8 to 2.6)   0.013                  0.040                0.3 (−3.7 to 4.2)    0.879   1.00   −0.3 (−0.6 to 0.0)   0.080   0.241
   High SES             −10.0 (−17.8 to 2.1)   0.014                  0.041                −0.5 (−3.7 to 2.7)   0.735   1.00   −1.9 (−0.4 to 0.0)   0.102   0.307
  *Model 3*¶                                                                                                                                                
  Low SES (reference)                                                                                                                                       
   Mid SES              −11.9 (−21.0 to 2.7)   0.012                  0.036                0.2 (−3.7 to 4.2)    0.908   1.00   −0.3 (−0.6 to 0.0)   0.080   0.241
   High SES             −8.8 (−16.6 to 0.0)    0.028                  0.084                −0.1 (−3.2 to 2.9)   0.942   1.00   −0.2 (−0.4 to 0.0)   0.109   0.326

\*Multiple linear regression used to assess differences in urinary electrolyte excretion by SES, as defined by parental educational attainment. In all models, low SES is the reference category. Β represents the beta-coefficient for the difference in urinary electrolyte excretion between the subgroup (ie, mid to low SES and high to low SES).

†p Value adjusted for multiple comparisons between subgroups using Bonferroni correction.

‡Model 1: unadjusted.

§Model 2: adjusted for age, sex and day of urine collection.

¶Model 3: adjusted for model 2+BMI z-score.

Discretionary salt use {#s3c}
----------------------

Two-thirds of parents reported adding salt during cooking either usually or sometimes (online [supplementary figure 1](#SP1){ref-type="supplementary-material"}). The child's self-reported use of table salt was greater (40% add usually or sometimes) than when the parent reported the behaviour as a proxy for the child (28% add usually or sometimes). Just over a third (36%) of parents reported that they either usually or sometimes place a salt shaker on the table at meal times, and this behaviour was more common in parents with children aged 9--12 years (40.3% usually or sometimes) compared with those with children aged 4--8 years (29.9% usually or sometimes) (OR 1.58, 95% CI 1.13 to 2.20, p\<0.001). Similarly, parents of children aged 9--12 years were more likely to report that their child added salt at the table either usually or sometimes (32.3%) compared with parents of younger children (22.4%) (OR 1.7, 95% CI 1.29 to 2.25, p=0.001). There was no association between sex of the child or socioeconomic background and any of the four 'discretionary' salt use behaviours (data not shown).
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Food sources of sodium and potassium {#s3d}
------------------------------------

Seventy-nine percent of 24-hour dietary recalls were completed on a school day. Among children aged 8--12 years with a valid 24-hour dietary recall (n=517), average (SD) intake of energy, salt and potassium was 8384 (2456) kJ/day, 6.0 (2.7) g/day and 2501 (909) mg/day, respectively. In the subsample of children aged 8--12 years who had a valid 24-hour dietary recall and a complete 24-hour urine collection (n=464), salt intake measured by 24-hour dietary recall was 6.1±0.1 g/day versus 6.4±0.1 g/day measured by 24-hour urinary excretion (p=0.07). The type of day (school vs non-school) that salt intake was assessed on was an important factor with regards to observed differences in salt intake determined by each method. When the 24-hour dietary recall and 24-hour urine collection were completed on the same type of day, there was no difference in salt intake determined by each method (online [supplementary table 2](#SP2){ref-type="supplementary-material"}). Conversely, when the 24-hour dietary recall and 24-hour urine collection were completed on different day types, salt intake was consistently higher on non-school days.

[Figure 1](#F1){ref-type="fig"} shows the contribution of sodium and potassium from major food groups. Almost half of all sodium consumed came from cereals and cereal-based products and dishes. Other important sources (\>10%) of sodium included meat, poultry and game products and dishes (18.0%) and milk products and dishes (9.8%). The major contributor to potassium intakes were milk products and dishes (17.6%), other important sources included vegetable products and dishes (14.0%), meat, poultry and game products and dishes (12.9%), fruit products and dishes (11.4%), cereal and cereal products (11.1%) and cereal-based products and dishes (11.0%).

![Daily contribution (%) of sodium and potassium from major food groups among participants aged 8--12 years (n=517), which includes major food groups provided ≥1% of daily intake of sodium or potassium. Food groups ranked in order of greatest contributor to sodium intake.](bmjopen-2017-016639f01){#F1}

Online [supplementary table 3](#SP2){ref-type="supplementary-material"} lists the contribution of submajor food groups to sodium and potassium intakes. The top five sources of sodium were bread, mixed cereal-based dishes, processed meat, cakes, muffins, scones, cake-type desserts and cheese. Collectively, these food groups accounted for 43% of all sodium consumed. The top five sources of potassium were dairy milk, potatoes, fruit and vegetable juices/drinks, mixed cereal-based dishes and bread. Collectively, these food groups accounted for a third of all potassium consumed. When foods were grouped as either 'core' or 'discretionary', 59.9% of energy was derived from core foods and 40.1% of energy was derived from discretionary foods. Just over half of all sodium came from 'core' foods, whereas three quarters of potassium came from core foods ([figure 2](#F2){ref-type="fig"}). Online [supplementary table 4](#SP2){ref-type="supplementary-material"} provides information on the food sources at the minor food group level.

![Daily contribution (%) of sodium and potassium from 'core' and 'discretionary' foods among participants aged 8--12 years (n=517). Data are mean±SE.](bmjopen-2017-016639f02){#F2}

Discussion {#s4}
==========

Using an objective marker of salt intake, we found the average intake was 5.3 g/day among children aged 4--8 years and 6.6 g/day among children aged 9--12 years. This is 51% and 32% above the recommended UL for salt of 3.5 g/day and 5.0 g/day, respectively, for each age group.[@R38] These findings are similar to those reported in the 2011--2012 National Nutrition and Physical Activity (NNPAS), measured via 24-hour dietary recall, which was 5.2 g/day and 6.3 g/day among children aged 4--8 years and 9--13 years, respectively.[@R20]Compared with recent international studies that have used 24-hour urinary excretion methods, the salt intake of our group is similar to those reported in children from Germany (salt median/mean value range: 7--14 years: 5.3--6.9 g/day),[@R40] lower than those reported in Italy (6--10 years: 5.3--7.3 g/day),[@R22] Portugal (8--10 years: 6.1--7.5 g/day)[@R24] and Spain (7--11 years: 7.8 g/day)[@R21] and higher than those reported in the UK (4--10 years: 3.7--5.0 g/day).[@R25] Lower intakes among British children, measured in 2008/2009--2011/2012[@R25] and 2007--2010,[@R23] are likely due to the comprehensive salt reduction initiatives, which have been under way in the UK since 2003.[@R41] The UK campaign targeted consumer awareness of salt and voluntary product reformulation to remove salt from processed foods[@R41] and resulted in 15% reduction in salt intake (1.4 g/day, 24-hour excretion) in adults between 2003 and 2011.[@R42]

Studies in adults and children report higher salt estimates derived from 24-hour urinary excretion, compared with 24-hour dietary recall methods.[@R40] Reasons for differences are that dietary methods do not assess the use of table and cooking salt and there is the issue of under-reporting with dietary methods.[@R32] Although salt intake measured by 24-hour urinary excretion (6.3 g/day) in the current study was higher than that measured by 24-hour dietary recall (6.1 g/day), the difference did not reach statistical significance (p=0.07). There was no difference in salt intake assessed between each method when both methods assessed salt intake on the same type of day (ie, school vs non-school).

Although most salt (\~75%) consumed comes from processed foods, it is still important to consider the use of discretion, which accounts for \~15% of daily intake.[@R45]Compared with national estimates,[@R20] the frequency of reported salt added at the table and during cooking was greater within our study sample. We found that 40% of children aged 4--12 years self-reported that they added salt at the table either 'usually' or 'sometimes'. This compares to 10% and 24% of children aged 4--8 years and 9--13 years participating in the 2011--2012 NNPAS, who reported adding table salt either 'very often' or 'occasionally'.[@R20] With respect to cooking salt, 60% of parents in our study reported that they added salt during cooking either 'usually' or 'sometimes'. This compares to 40% and 47% of parents of children aged 4--8 years and 9--13 years, respectively, participating in the 2011--2012 NNPAS who reported adding cooking salt either 'very often' or 'occasionally'.[@R20] The reasons for these differences are not clear, but may be due to slight variation in wording of questions between studies, a national versus convenience sample and the potential to provide more socially desirable responses in the national survey that was completed face to face versus our questionnaire that was completed by the parent at home.

Salt intake, assessed by 24-hour urine, was 1.0 g/day higher on non-school days compared with school days, and this is similar to our previous analysis of the national dietary survey, where salt intake was 0.5 g/day higher on non-school days in children aged 6--12 years.[@R47] This likely reflects an overall poorer quality diet on weekends[@R47] characterised by greater consumption of 'discretionary' foods such as pizzas and burgers.[@R47]

In this study, we found some indication of socioeconomic disparities for salt intake but not for potassium intake or the molar ratio of Na:K. There was an overall trend for higher sodium intake from low to high SES groups, although the level of significance was attenuated after adjustment for BMI z-score and multiple comparisons. Previously within a national sample of children, we found that there was a 0.5 g/day difference in salt intake from food sources between children of low and high socioeconomic background.[@R49] It appears that socioeconomic disparities in salt intake among children may be due to differences in food choices,[@R49] rather than 'discretionary' salt use.

With respect to 24-hour urinary potassium excretion, our findings of 41 mmol/day and 51 mmol/day in children aged 4--8 years and 9--12 years, respectively, are similar to previous reports in children from Italy,[@R22] Spain,[@R21] Portugal[@R22] and the UK.[@R23] A consistent finding across studies conducted in Western paediatric population groups is that children are consuming more sodium than potassium, leading to a high urinary Na:K molar ratio.[@R21] The average Na:K molar ratio was 2.4 in this study, well above the WHO's recommended ratio of 1.[@R50] Similar to studies in adults,[@R51] we found 24-hour urinary potassium was 27% lower than that estimated from dietary recall as generally only 77% of dietary potassium is excreted in the urine.[@R51]

Our findings related to the food sources of sodium and potassium are consistent with those reported in the 2011--2012 NNPAS.[@R20] In this survey, 39% of energy was derived from discretionary foods (children aged 4--12 years),[@R20] which is comparable to our finding of 40% of energy and 45% of sodium coming from discretionary foods. Strategies that seek to reduce discretionary food consumption would also facilitate reductions in salt intake. Core foods, which in accordance with the Australian Guide to Healthy Eating should form the basis of a healthy diet due to their overall beneficial nutrient profile,[@R33] were found to provide a substantial amount of sodium (55%) to the diet. This finding indicates the need to reduce the amount of sodium added to 'core' foods, such as bread (14.8%) and cheese (4.8%), both of which were within the top five sources of sodium. The large variation in sodium content seen within these products[@R52] indicates the feasibility to reduce sodium. Setting sodium content targets for manufactured foods is a key element of salt reduction initiatives around the globe.[@R55] In 2009, the Australian Federal Government formed the Food and Health Dialogue, and during its 6-year working period, the group set voluntary sodium content targets for nine processed food categories.[@R56] The success of three of the first targets set was demonstrated by Trevena *et al* who reported a reduction in the sodium content of Australian bread (9%), breakfast cereals (25%) and processed meats (8%) between 2010 and 2013.[@R57] In 2015, the Food and Health Dialogue was replaced with the Healthy Food Partnership,[@R56] which provides an opportunity to continue reformulation efforts related to sodium.[@R56] In moving forward with salt reduction in Australia, lessons from the UK for successful salt reduction[@R41] should be noted with a focus on setting progressive sodium content targets for a wide range of food categories and transparent monitoring mechanisms.

The main strength of the present study was an objective measure of sodium and potassium intake in a relatively large sample of children. Limitations of the study include the convenience sample and low response rate, which, although comparable with other studies requiring 24-hour urine collections,[@R58] limit the generalisability of the findings to the wider population. Furthermore, it is possible that child participants were from families that were more health conscious than non-respondents. Despite efforts to reach all socioeconomic backgrounds via recruitment in both independent (ie, private) and government (ie, public) school sectors, close to two-thirds of children were from a high socioeconomic background. Compared with national estimates, our sample had fewer children who were overweight or obese; this may reflect different dietary patterns among our study participants compared with the general population. Our questions related to discretionary salt use are not validated as none are available for use in children. The response scale options are limited in their subjectiveness; for example, interpretation of 'usually' or 'sometimes' may be interpreted differently between participants. Finally, as we were limited to one 24-hour urine collection, we did not adjust the distribution of salt intake for within-person variation, which tends to lead to an underestimation of the number of children exceeding the UL for salt intake.

In conclusion, Victorian schoolchildren are consuming too much sodium and not enough potassium, which has important implications for cardiovascular health. Furthermore, there is some evidence to indicate that sodium intake is higher among those children of lower socioeconomic background. To improve the sodium and potassium profile of schoolchildren, product reformulation of lower salt core foods along with strategies, for example, pricing, policy and consumer education, that seek to reduce the consumption of discretionary foods are required.
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